The concentrations of endogenous gibberellin (GA) 1, 5, 8, 19, 20, and 29 in the component tissues of maturing tall (Le) and dwarf (Ie) pea (Pisum sativum) plants have been determined. The following conclusions were drawn from the data obtained: (a) GA20 and its metabolites accumulate only in the growing regions of Le and le plants; (b) the Ie mutation is biochemically expressed in all immature tissues of the dwarf plants; (c) the quantitative composition of the GA metabolites in the various immature tissues is variable; (d) the total GA concentration in apical buds, unexpanded leaves, and tendrils is considerably higher than in GA,-responsive stem tissue; and (e) there is very little GA accumulation of the inactive 2,6-hydroxylated GAs (GA6 and GA20) in either the mature vegetative tissues or the roots of pea plants.
The hypothesis that GA12 fulfils a specific role in promoting stem elongation in both dicots and monocots (10, 20) stands undisputed. Whether GA1 functions at a more fundamental level in initiating the expansion or growth of all cells is unknown.
In pea (Pisum sativum), the only obvious phenotypic difference between related Le and le plants is with respect to internode length. Biochemically, the dwarf phenotype of plants carrying the le mutation correlates with an overall deficiency of GA, and a surplus of GA29 in expanding vege- tative tissues that have been harvested and extracted en masse (10, 14) . There remains the possibility, therefore, that the gross localization ofGAs to expanding tissue may mask subtle differences in the steady-state balance of GA metabolites in discrete tissues of maturing Le and le plants.
This is the subject of this paper. The investigation was facilitated by use of the immunoaffinity chromatographic procedure developed for purifying 13-hydroxy GAs (17, 18, 21 
Plant Material
The plants used for this investigation were of the tall (Le, 205+) and dwarf (le, 205-) isogenic lines of pea (Pisum sativum). These lines were developed from the crossing program at Hobart, Australia.
Growth Conditions
Testas of the Le and le seeds were perforated to ensure even germination. The seeds were then imbibed in water for 16 Figure 1 . They were weighed and stored frozen in liquid N2.
Extraction Procedures
The fresh weights of the individual tissues processed for GA analysis are recorded in Table I . All tissues were pulver-Sample Denvatization and GC-MS The derivatization procedures and conditions for GC-MS sample analysis were described previously (17) . The isotope dilution method for quantification of GAs was described by Fujioka et al. (6) . All samples were analyzed in duplicate.
RESULTS
The data presented in Table II were calculated from the analytical GC-MS-selected ion monitoring data pertaining to the recovered GAs in the various vegetative tissues of Le and le plants. In a few cases, the contribution of the 13C label of the internal standard to the M+ ion cluster was masked by the quality of endogenous GA present and the calibration curve exceeded. Nevertheless, this deficiency does not distort the picture ofoverall GA distribution or influence the possible interpretation of these data. In these cases, the approximate quantities of endogenous GA have been estimated from total ion current values based on the intensities of their molecular ions relative to those computed from M+' ion intensities of known quantities of the stable isotope-labeled reference GAs.
GAs other than those listed in Table II apparently made little contribution to the complement of 13-hydroxy GAs isolated from the various vegetative tissues. The GC-MSselected ion monitoring data provided no evidence for the presence of epi-GA,, epi-GA8, and GA3. Epi-GA29 was positively identified in a number of the samples but at low concentrations. From the molecular ion intensities, the estimated quantities ranged from 0.5 to 4% of the amount of GA29 recovered (unexpanded leaf tissue and upper leaflets, respectively). ized in liquid N2 and extracted three times with aqueous methanol (60%, v/v). Stable isotope-labeled GA,, GA5, GA8, GA19, GA20, and GA29, at concentrations of 1 ng/g fresh weight tissue, were then added to the methanolic extracts before partitioning against light petroleum ether (60-80°C boiling point). Residual petroleum ether was removed in a stream of N2 gas. The extracts were then passed through C18 Sep-Pak cartridges (Waters Associates, Milford MA), followed by 5 mL aqueous methanol (60%, v/v). Finally, to concentrate and remove the methanol, the samples were concentrated to 1 mL by heating in a stream of N2 gas.
GA Purification
The procedure for purifying 13-hydroxy GAs by elution through fetal calf serum-Sepharose followed by immunoaffinity chromatography on MAC136-Sepharose was described previously (17, 18) . Fractions containing material retained on MAC1 36-Sepharose were pooled, reduced to dryness by heating in a stream of N2 gas, and redissolved in methanol for derivatization.
DISCUSSION
In this paper, we present for the first time a comprehensive and quantitative analysis of the 13-hydroxy GAs located in discrete vegetative tissues of P. sativum. The motivation for conducting this survey was to extend our understanding of the role of GA, as a natural plant growth regulator.
Phenotypically, the isogenic 205+ (tall, Le) and 205-(dwarf, Table II show that in all maturing tissues of le plants the observed steady-state concentration of GA, was an order of magnitude lower than that in the corresponding Le tissues. Consequently, if cellular growth were solely a function of the absolute endogenous concentration of GA1 as reported for internode growth in P. sativum (9, 14) , it is unlikely that leaflet expansion and tendril extension could be thus regulated. However, given the overall high GA concentration in the immature leaflet and tendril, there remains the possibility, from these data, that growth more properly correlates with the rate of production of GA, rather than the balance between its synthetic and catabolic rate. With regard to tendril growth in le plants particularly, an alternative explanation could also be that, at high concentration, GA20 may substitute for GA,. By analogy with the general relationship between enzyme activity and substrate concentration, the bioactivity Km equivalent for GA20 would be some 10-fold greater than for GA,. The suggestion that GA20, at high concentration, is bioactive in its own right has also been made with respect to pea pod development. GA20
and its 2fl-hydroxylated catabolite GA29 are the major GAs present in tall and dwarf pea seeds (3) (4) (5) . Furthermore, although the Le gene is not expressed within seed tissues (3, 13) , exogenously applied GA20 can, in "deseeded" fruits of pea plants, fully restore pod elongation and inflation (19) . The ubiquitous occurrence of GAs in almost all plant organs or tissues may support the hypothesis that the GA biosynthetic enzymes are present and operative in all immature or growing cells and tissues. In general terms, the data presented here concur with this hypothesis. The concentrations of the various GAs in the mature leaflets, stems, and petioles and roots are low and may indicate that GAs are neither actively biosynthesized nor accumulated within these tissues. Conversely, the GA concentrations in all of the immature vegetative tissues are relatively high. However, whether these metabolites are synthesized in situ cannot be determined from the present study. More specifically, the fact that the le mutation, in terms of the quantity of endogenous GA,, is expressed in all the maturing tissues does not necessarily indicate that GA, is independently biosynthesized in these tissues. An alternative explanation for this observation could be that the compound is biosynthesized at a single site and translocated to all other growing tissues. Indeed, the lack of correlation between GA20 and GA, concentrations in the expanding tissues of Le plants may support this notion. Whereas the GA, concentrations of the various tissues of Le plants are relatively uniform, the GA20 concentrations are extremely variable.
In general, the tissue concentrations of GA20 in le plants mirror their Le counterparts. The inability to produce GA, in the le plants results in enhanced synthesis of GA29 as a counterbalance. Exceptions to this are seen in the tendrils and stems. Whereas in Le plants these tissues do not accumulate GA20 to any great extent, those of le plants contain significantly higher concentrations of this GA. In the former cases, the rate of GA20 catabolism evidently exceeds the rate of its synthesis. In the latter cases, it would appear that the GA20 2(3-hydroxylase is operating under saturating substrate concentrations. In this circumstance, the rate of GA29 production cannot increase in proportion to the decrease in rate of GA, production. As a result, GA20 accumulates within these tissues.
GA,g is the metabolic precursor of GA20 ( ref. 1 1, Fig. 2 ). In some plant species, the enzyme that catalyzes GA20 formation, the GA19 oxidase, may be subject to photoperiodic regulation (8) or to some form of metabolic regulation (12) . In such cases, the amount of GA19 that accumulates as a metabolic intermediate can be variable and dependent upon plant growth conditions. GA5, on the other hand, is a product derived from GA20 by the action of the GA20 3#-hydroxylase (15) , which is also the metabolic precursor of GA3 (1, 7) . Neither of these compounds made a significant contribution to the GA pool of any of the tissues examined. Therefore, they may not be of any particular biological significance in P. sativum. However, it should be noted that GA,9 was located only in the young leaflet of Le plants, and GA5 was detected in immature stem and petiole as well as in the mature stem petioles and leaflets. The significance of the distribution of these compounds will be discussed elsewhere.
In conclusion, the results presented here establish, for the first time, the concentrations of individual 13-hydroxy GAs in specific tissues of vegetatively growing pea plants and demonstrate the variation that exists in the GA complement of these tissues. The questions that have been raised as a consequence ofthese findings shall be addressed in subsequent communications.
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